We have identified a cDNA encoding a novel Xenopus winged helix transcription factor termed as XFD-11 (Xenopus fork head domain). The DNA binding domain is most closely related to those of human or murine FREAC-3 (FKHL7/MF-1/FKH-1) proteins. The XFD-11 gene is activated at late blastula/early gastrula and transcription proceeds throughout embryogenesis. Early expression is found in ventral and lateral but not in dorsal mesoderm. At neurula stages, transcripts are found in posterior mesoderm except for the dorsal midline, and the gene is also transcribed at the lateral border of the neural plate and within anterior neuroectoderm. At later stages of development, transcripts are detected within the pronephros, the heart, within neural crest cells surrounding the eye, in the mandibular, hyoid and branchial arches, and within the tail.
The fork head/HNF-3 domain is an evolutionary conserved DNA binding motif with a three-dimensional winged helix structure (Clark et al., 1993) . It has been detected in a large number of transcription factors from all eukaryotic organisms ranging from yeast to mammals (reviewed in Kaufmann and Knöchel, 1996) . These factors exert important functions in embryogenesis, in the maintenance of differentiated cell states and as proto-oncogenes. In Xenopus laevis, 14 different genes encoding fork head-like proteins have been described so far including XFD 1 to 10, XFLIP, XFKH4, XFKH5 (for synonyms and references, see Kaufmann and Knöchel, 1996) and FAST-1 (Chen et al., 1996) , the latter playing an important role in activin signalling.
XFD-11 sequence
By screening a gastrula stage cDNA library with a Drosophila fork head probe under low stringency conditions we have now identified an additional gene belonging to the XFD multigene family. Fig. 1 shows the nucleotide sequence of XFD-11 which was completed by 5′-RACE up to the transcription start site. The longest open reading frame is preceded by several stop codons and encodes a protein with 493 amino acids containing an evolutionary conserved fork head/HNF-3 domain (Fig. 1A) . A comparison of this domain to those from other winged helix proteins of different species (Fig. 1B) identifies XFD-11 as a member of group 3 factors (Kaufmann and Knöchel, 1996) and as a close homologue to the human and murine FREAC-3 being also designated as MF-1, FKH-1 or FKHL7 (Sasaki and Hogan, 1993; Kaestner et al., 1993; Pierrou et al., 1994; Larsson et al., 1995) . Except for a conserved E/D exchange, the amino acid sequences are identical. Moreover, a comparison of the complete XFD-11 sequence with the recently published MF-1 sequence (Kume et al., 1998 ) yields more than 70% identity. We therefore suggest that XFD-11 represents the Xenopus orthologue to FREAC-3 (see also expression pattern). Although other members of group 3, such as chick CWH-2 (Freyaldenhoven et al., 1997) , mouse MFH-1 (Miura et al., 1993) and Xenopus XFD-4 (Scheucher et al., 1995) are closely related, especially within the winged helix domain, they exhibit substantial sequence divergence outside of the DNA binding domain (not shown).
Temporal and spatial expression
The temporal expression profile of XFD-11 during Xeno- (Kaufmann and Knöchel, 1996) winged helix domains: human FREAC-3 (Pierrou et al., 1994) , mouse FKH-1/MF-1 (Kaestner et al., 1993; Sasaki and Hogan, 1993) , chicken CWH-2 (Freyaldenhoven et al., 1997) , mouse MFH-1 (Miura et al., 1993) , Xenopus XFD-4 (Scheucher et al., 1995) . (C) RT-PCR of XFD-11 transcripts during embryogenesis. The first lane (Oo) corresponds to RNA from mature oocytes, the last lane to a control assay lacking RNA. Histone H4 is used as internal control. Stage classification is done according to Nieuwkoop and Faber (1975) . . a, archenteron; ae, anterior eye ridge; an, anterior neural plate; cg, cement gland; dl, dorsal blastopore lip; dm, dorsal midline; e, eye; en, endoderm; g, gut; h, heart; hm, head mesenchyme; lbn, lateral border of neural plate; lm, lateral mesoderm; m, mesencephalon; n, notochord; nc, neural crest cells; np, neural plate; pm, posterior mesoderm; pn, pronephros; pnt, pronephric tubule; sc, spinal cord; som, somatic layer of lateral plate mesoderm; spm, splanchnic layer of lateral plate mesoderm; t, tip of tail. pus embryogenesis was determined by RT-PCR (Fig. 1C) . The gene is activated at late blastula/early gastrula stage and its transcription proceeds throughout all stages of embryogenesis. We next have analysed the spatial expression pattern by performing whole-mount in situ hybridization. In gastrula stage, embryo expression is observed within ventral and lateral mesoderm but not in the dorsal blastopore lip (the organizer region) (Fig. 2A) . During neuralization the transcripts are found in the posterior, lateral parts of the embryo but not within the dorsal midline (Fig. 2B,C) . At late neurula stage, we also observe staining within the most anterior neural plate and the lateral border of neuroectoderm (Fig. 2D) . At stage 25/26, staining is observed within the anterior region of the eyes, the posterior mesoderm and the pronephros anlage (Fig. 2E) . This pattern persists to stage 29, except for the eyes which are now completely surrounded by XFD-11 expression showing higher intensities in the anterior region (Fig. 2F,G) . Staining of posterior mesoderm becomes progressively restricted to the tip of the tail (Fig. 2F,H,I ). XFD-11 transcripts are also detected within the heart (Fig. 2J) . Posterior transversal sections of early neurula (Fig. 2K,L ) and stage 29 embryos (Fig. 2M) show transcripts within the lateral mesoderm but not within notochord, somitogenic mesoderm or the neural plate/spinal cord. Transversal sections at the head region (Fig. 2Q,R) reveal that XFD-11 transcription surrounding the eyes is not due to cells of the optic vesicle but corresponds to cranial neural crest cells presumably arising from the mesencephalon and migrating around the eye; subsequently, they form together with mesodermal cells the head mesenchyme. It is known that crest cell derivatives participate in the formation of the eye's sclera, choroid and cornea (Sadaghiani and Thiébaud, 1987; Baker and Bronner-Fraser, 1997) . Additionally, we notice transcription within neural crest cells of the mandibular, the hyoid and the branchial arches ( Fig. 2H-J) . A horizontal section of the lower head region demonstrates XFD-11 transcripts within neural crest cells of the hyoid and branchial arches (Fig. 2S) . Sections of the trunk region demonstrate that XFD-11 expression clearly correlates with formation of the pronephros in the somatic layer of lateral mesoderm, whereas expression is not observed within the splanchnic mesoderm (Fig. 2N,O) . At later stages of development, staining is found within differentiated pronephric tubules (Fig. 2P) .
A comparison of the XFD-11 and MF-1/FKH-1 (Sasaki and Hogan, 1993; Hiemisch et al., 1998; Kume et al., 1998) expression patterns reveals obvious similarities. Both genes are transcribed within the non-notochordal mesoderm and in neural crest derived head mesenchyme, even if XFD-11 expression around the eye seems to be more pronounced than that observed for MF-1. The mouse gene is also transcribed in lateral mesoderm, and both the mouse and human FREAC-3 genes have been reported to be expressed in embryonic/foetal kidney. Thus, all the evidence suggests that the Xenopus XFD-11 represents the orthologue to mouse MF-1/FKH-1, which is disrupted in the pleiotropic mouse mutation congenital hydrocephalus, and human FREAC-3. Besides Xlim-1 (Taira et al., 1994) and xWT1 (Carroll and Vize, 1996) , XFD-11 might be another transcription regulator being required for pronephros formation in Xenopus embryos (Vize et al., 1995) .
All methods used in this study have been previously described (Scheucher et al., 1995; Friedle et al., 1998) . Digoxygenin-labelled XFD-11 antisense RNA was transcribed from a 566 bp Eco47III/SmaI fragment downstream of the fork head domain and subcloned into the pSPT 18 vector (Boehringer).
